ABSTRACT: A 4-yr study was conducted to determine the effects of two grazing methods (GM) at two stocking rates (SR) on alfalfa pasture plant productivity and animal performance and to ascertain the effect of grazing systems on subsequent performance of steers fed a high-concentrate diet. Eight pasture plots (.76 ha) were seeded in 1988 with alfalfa (Medicago sativa L. var. WL225) and divided into two blocks of four pastures each. Grazing methods consisted of a traditional fourpaddock or an intensive 13-paddock system. Pastures were managed to allow a 36-d rest period with an average grazing season of 110 d. The low and high SR were 5.9 vs 11.7, 5.3 vs 10.5, 5.3 vs 7.9, and 5.3 vs 7.9 steers/ ha for years 1989 to 1992, respectively. Following the grazing season, steers were placed in a feedlot and fed
Introduction
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Received June 7, 1999 . Accepted February 29, 2000 2192 a high-concentrate diet (81% high-moisture corn, 14% corn silage, 5% protein-mineral supplement) for an average of 211 d. There was no effect of GM on herbage mass, pasture phase ADG, or live weight gain/hectare. Increasing the number of paddocks was beneficial when herbage mass was limited and stocking rate was above 7.9 steers/ha. Increasing SR above 7.9 steers/ha decreased herbage mass and pasture-phase ADG. As forage allowance increased, pasture-phase ADG increased quadratically (R 2 = .82, P < .001), reached a plateau, and then decreased. Previous grazing system did not influence the performance of steers in the feedlot or their carcass characteristics. Optimum SR is dependent on herbage mass produced.
Alfalfa stands are not maintained under continuous stocking (Cooke et al., 1965; Brownlee, 1973; Van Keuren and Matches, 1988) . Therefore, a rotational-stocking system must be implemented. In northern climates, there has been no consensus on the occupation period (OP) needed to maintain alfalfa in a rotationally stocked pasture. In Australia, Iversen (1967) and Jason (1975) recommended a 2-to 4-d OP, whereas Leach (1979) recommended 8 to 16 d.
The first objective of this study was to determine the effect of two grazing methods (GM), differing in OP and the number of paddocks, and two stocking rates (SR) on plant and animal productivity of alfalfa pastures. The second objective was to ascertain the effect of previous grazing system on growth and carcass characteristics of Holstein steers subsequently fed in the feedlot. Companion papers describe the influence of grazing systems on the quality of forage consumed and the economics of alternative SR for alfalfa pastures .
Materials and Methods

Site Description
Approval from the Michigan State University AllUniversity Committee on Animal Use and Care (AUF # 8/88-321-01) was received for this study. Terms used in this paper are in accordance with the Terminology for Grazing Lands and Grazing Animals (The Forage and Grazing Terminology Committee, 1991) . This study was initiated in the summer of 1988 and continued through the spring of 1993 at Michigan State University, East Lansing (84°29′39 west longitude, 42°41′50 north latitude, elevation 265 m). In August 1988, 8 ha were direct-seeded with alfalfa (17 kg/ha; variety WL225, W-L Research, Bakersfield, CA). Prior to seeding, the previous wheat field stubble was plowed, treated with 2.4 L/ha dipropylcarbamothoic acid S-ethyl ester (Eptam; Zeneca, Dighton, MA), and fertilized with 336 kg/ha of potash (0-0-60). The soil consisted of Capac loam (fine-loamy, mixed mesic Aeric Endoaqualf), Sisson fine sandy loam (fine-loamy, mixed mesic Typic Hapludalf), and Riddles-Hillsdale sandy loam (fineloamy, mixed mesic Typic Hapludalf-coarse-loamy, mixed mesic Typic Hapludalf). These loam soils are within the Marlette-Capac-Owosso association, are nearly level to rolling, and are well-drained to somewhat poorly drained (USDA, 1979) .
The 8 ha were divided into eight pasture plots (29 × 265 m, .76 ha/plot; Figure 1 ). Four hectares, contiguous to the 8 ha, were seeded to alfalfa (variety Big Ten, Great Lakes Hybrids, Ovid, MI) in 1987 and subdivided into two pasture plots (.76 ha/plot, not used for this study) and a supplemental pasture (2 ha). Each plot was surrounded by a double strand of 20-gauge electrified wire (Kiwi Fence Systems, Waynesburg, PA) and further subdivided using electrified polytape (Kiwi Fence Systems) into 4 or 13 paddocks. The eight pasture plots in the 8-ha field were divided into two replicates or blocks of four pastures each and used to evaluate GM and SR. The supplemental pasture was used when forage in one of the eight pasture plots was depleted of forage prior to termination of the OP.
Four grazing systems were composed of two GM, a traditional 4-paddock rotation, and a more intensive 13-paddock rotation, each at a low and high SR. The four grazing systems were randomly assigned within the remaining four plots per replicate. The four treatments were 1) 4 paddocks-low SR (4-L); 2) 4 paddockshigh SR (4-H); 3) 13 paddocks-low SR (13-L); and 4) 13 paddocks-high SR (13-H).
Pasture Management
Occupation periods were 12 and 3 d per paddock with grazing cycles of 48 and 39 d for the 4-and 13-paddock GM, respectively. As a result, each paddock was allowed a 36-d rest period (RP) between grazing events. This management scheme was the standard with the following exceptions:
1. 1989-During the first grazing cycle, OP was decreased to 8 and 2 d for the 4-and 13-paddock GM, respectively, to minimize accumulation of mature forage. These OP resulted in a 24-d RP. This RP was inadequate and pastures were allowed an ad- Figure 1 . Layout of alfalfa pastures. Twelve hectares were divided into 12 plots (29 × 265 m, .76 ha) plus a supplemental pasture. Plots 1 to 10 were used to evaluate grazing methods and stocking rates. Plots 11 and 12 were used to determine intake of grazing steers reported elsewhere. Grazing system assignments were as follows: plots 1 and 6 (4-L), plots 4 and 7 (4-H), plots 2 and 8 (13-L), and plots 3 and 5 (13-H). 
Herbage Mass and Botanical Composition
Before steers entered the next paddock, at 0900, forage samples were collected from three randomly placed quadrants (.5 × .5 m) in each paddock and combined. Pasture samples were collected in 1989, 1990, and 1991 to determine herbage mass (HM, t DM/ha). Samples were composited, weighed, and subsampled. Subsamples were dried in a 55°C oven for 48 h to determine DM content (AOAC, 1984) .
In April of 1989, prior to the initiation of grazing, alfalfa plant densities (plants/m 2 ) were determined. Plant counts were determined from 60 randomly placed quadrants (.5 × .5 m) throughout the entire pasture area. To determine alfalfa DM in the pasture biomass before grazing was initiated in 1991 and 1992, forage samples were collected from three randomly placed quadrants (.5 × .5 m) within each pasture plot. Samples from the three quadrants were composited and separated into alfalfa and other plant material. Plant species subsamples were dried at 55°C for 48 h to estimate the percentage alfalfa DM in the pasture biomass.
Animal Management
Holstein steers (243 kg) were received from March through May, for the respective year's grazing experiment, at the Michigan State University Beef Cattle Research and Teaching Center, East Lansing. One day following arrival, steers were weighed, ear-tagged, dehorned, vaccinated against IBR and PI 3 , and treated for parasites with ivermectin (MSD-AGVET, Rahway, NJ). Steers were fed a corn silage-hay diet upon arrival. One week prior to initiation of the grazing experiment steers were adapted to an alfalfa-haylage diet supplemented with a mineral mix ( Table 1 ). The mineral mix contained poloxalene (Bloat Guard; Pfizer Animal Health, formerly SmithKline Beecham Animal Health, West Chester, PA) and was fed to adapt steers to the bloat suppressant. Alfalfa haylage was used to acclimate the steers to the alfalfa pasture and used as a standardized diet before the initial and final pasture weights to eliminate differences in gut fill.
Initial weights were determined as the average of weights from two consecutive days (d −1 and 0). Steers were blocked by weight into two groups and assigned randomly to one of four grazing systems within each group. On d 0, steers were weighed, implanted with estradiol 17-β (Elanco Animal Health, Indianapolis, IN), and received a fly-repellant ear tag (Coopers Animal Health, Kansas City, KS). Steers were allowed to consume alfalfa haylage with poloxalene-mineral mix to appetite the morning prior to transportation (.8 km) to the pasture site.
Pasture Phase. Stocking rates were initially set at 7.9 and 15.8 steers/ha for the low and high SR, respectively. Steers had ad libitum access to poloxalene-mineral mix and water while on pasture. After the first 24 d in 1989, we realized the pastures were overstocked and 24 steers were removed from the study, thereby decreasing the SR by 33% to 5.3 and 11.7 steers/ha for low and high SR, respectively. The lower SR were used for the remainder of 1989 . For 1991 and 1992 , the high SR was decreased to 7.9 steers/ha to improve live weight gain/hectare. A summary of SR and dates of the grazing season and initial weights are presented in Table 2 .
When SR was decreased in 1989, all 14 steers showing various degrees of photosensitivity and 10 additional unaffected steers were removed from the study to decrease SR to the desired number. Photosensitivity is the sensitization of the superficial layers of lightly pigmented skin to sunlight (Scott, 1988) . Our work suggests that hepatogenous photosensitivity was observed in the afflicted animals (Schlegel, 1993) .
Forage available for grazing was determined daily by visual estimation of forage-stubble height. If foragestubble height was below 10 cm, steers were removed to supplemental pasture composed primarily of alfalfa. Once steers moved to supplemental pasture, the steers remained there until the next scheduled move to a new paddock. Supplemental pasture was only required during 1989 and 1990. Table 5 details the number of days the steers were on their assigned pastures and supplemental pastures.
At the end of the grazing season, steers were removed from pasture, transported .8 km to a feedlot, and fed alfalfa haylage supplemented with the poloxalene-mineral mix. Following a 7-d period of feeding a postgrazing standardized diet, off-pasture weights were determined as the average of weights taken on two consecutive days, with the following exceptions. In 1989, shrunk weights (16 h without feed and water) were determined after pasture removal without a standardized diet. Shrunk weights were converted to full weights assuming a 4% shrink. In 1990, off-pasture weights were determined on 1 d following a 7-d standardized diet period.
Pasture-phase ADG was determined as the difference between the initial and off-pasture weights following the standardized diet period divided by the number of days between weights. Gain per hectare was determined from the product of SR × ADG × days on pasture. The number of days on pasture was the actual days steers grazed experimental plots, not while on supplemental pasture. Gain on supplemental pasture was assumed to be the same as on the experimental plots. Supplemental pasture was used in 1989 and 1990. However, no supplemental pasture was needed in 1991 and 1992.
Bloat was a problem in August of 1989. Steers from 4-H systems were placed on supplemental pasture and fed alfalfa hay due to the lack of forage. When steers were placed on an area of supplemental pasture with immature regrowth, four steers (one from block 1 and three from block 2) died of bloat even though alfalfa hay had been fed. In 1992, one steer died of bloat in July after jumping the subdivisional fence and consuming immature regrowth. Steers that died of bloat were not replaced; the average of the remaining steers' ADG was used as the plot average and live weight gain/hectare was calculated as if no animals were removed.
Feedlot Phase. Steers from each pasture plot remained in their treatment group and were fed in one of eight partially covered pens (4.3 × 11.9 m) with ad libitum access to feed and water throughout the feedlot phase. Following the postgrazing standardized diet period, steers were adjusted to a high-concentrate diet. The feedlot diet, fed once daily, consisted of 81% high-moisture or dry corn, 14% corn silage, and 5% protein-mineral-vitamin supplement (Table 3 ). The CP content of the diet was determined to be 10.5% (DM basis), and energy density was calculated to be 2.33 Mcal NE m /kg and 1.54 Mcal NE g /kg based on NRC (1984) . Weights obtained after the standardized diet period were used as the initial weights for the feedlot phase. Steers were weighed at 28-or 56-d intervals until slaughter.
Dry matter intake per pen was determined from the difference between feed delivered and orts collected during each weigh period. Steers were on feed for 222, 234, 194, and 194 d in 1989, 1990, 1991, and 1992 , respectively. Steers were in the feedlot until it was estimated that 80% of all steers from all pens would achieve the USDA Choice quality grade. At the conclusion of the feedlot phase, steers were weighed on two consecutive days, weights were averaged to determine slaughter weight, and steers were transported to a commercial slaughter facility. Hot carcass weights (HCW), quality grade, and a yield grade estimate were determined and dressing percentage (DP) was calculated. 
Statistical Analyses
For statistical analyses, the pasture plot was treated as the experimental unit in both the grazing and feedlot phases. Data were analyzed using the GLM subroutine of SAS (1990) within year. The model included block, GM, SR, and the interaction GM × SR. Probabilities for the main effects, GM and SR, and the interaction GM × SR were determined. When there was a significant GM × SR interaction (P < .10), treatment means were separated using the probability of difference option of the least square means procedure of SAS (1990) .
Differences in the number of steers grading USDA Choice or higher were analyzed as a 2 3 chi-squared contingency table (Gill, 1978) . If the number of steers grading USDA Choice or higher was not independent of grazing systems, all pairwise 2 2 chi-square contingency tables were performed to separate differences.
To determine the relationship of daily forage allowance (FA, Eq. [1]) per standard livestock unit (SLU, Eq.
[2]; The Forage and Grazing Terminology Committee, 1991) and pasture-phase ADG, the regression procedure and the nonlinear regression (NLIN) procedure of SAS (1990) were used with pasture plot averages from 1989, 1990, and 1991 (n = 24) .
where
W initial , kg = average weight of steers at the beginning of the grazing season, W ref , kg = 500-kg reference weight, and DOP = days on pasture. Because there were no differences between GM, one curve was developed. The NLIN procedure was used to develop a segmented curve to determine a plateau and a knot, the intersection of the plateau and a curve. To determine the fit of the nonlinear regression equation, a regression coefficient between the actual and predicted data was calculated. The correlation procedure of SAS (1990) was used to determine Pearson correlation coefficients between response traits using pen averages from all 4 yr (n = 32).
Results and Discussion
Herbage Mass and Botanical Composition
Grazing method did not affect HM in 1989, 1990, or 1991 (Table 4 ). This agrees with alfalfa pasture studies by Southwood and Robards (1975) in which continuously stocked, five-and seven-paddock rotation systems had similar HM. Similarly, Bertelsen et al. (1993) reported no difference in HM of 50% alfalfa-50% grass pasture between a continuously stocked and a 6-or 11-paddock system.
Herbage mass was negatively affected by the high-SR systems in 1989 and 1990 by 22 (P = .09) and 21% (P = .04), respectively. This agrees with research of Southwood and Robards (1975) in which the lowstocked pastures had greater HM than high-stocked pastures. In 1991, HM was similar among SR, possibly because the high SR was decreased. We also observed a trend of greater HM as the stand matured (years 1989 to 1991) and grazing season length increased from 103 to 112 d. The improved HM may be a result of stand maturation and growth of non-alfalfa plant species.
Botanical composition of the pastures prior to initiation of grazing in 1989 was 80 to 90% alfalfa with plant densities of 97 ± 4.2 plants/.25 m 2 . In the spring of 1991, alfalfa constituted 29.2 ± 6.5% of the forage DM and in the spring of 1992 37.8 × 6.5% of the forage DM (data not shown). Botanical composition was not affected by GM or SR. In Australia, alfalfa plant densities declined 50% in the first 3 yr of a study, although more plants survived in seven-than in five-paddock or continuously stocked systems (Southwood and Robards, 1975) .
Steer Performance
Pasture Phase. In 1989, 4-L, 13-L, and 13-H steers spent a greater (P < .05) number of days on pasture than 4-H steers, and the number of days on pasture was greater (P < .05) for 4-L steers than for 13-H steers (Table 5 ). In 1990, 4-L, 13-L, and 13-H steers had a greater (P < .05) number of days on pasture than 4-H; 4-H steers spent a greater (P < .05) number of days on supplemental pasture than 4-L, 13-L, and 13-H steers in 1989 and 1990. When SR was high and forage was limited, increasing the number of paddocks decreased the number of days on supplemental pasture. With the decreased high SR in 1991 and 1992 and improved HM, there was no need for supplemental pasture.
Grazing method had no effect on off-pasture weight, pasture phase ADG, or live weight gain/hectare. In previous studies, no improvement in ADG or live weight gain/hectare was observed when the number of paddocks was increased for an alfalfa-grass (Bertelsen et al., 1993) or a fescue pasture (Schmitz et al., 1989) .
Steers from 4-L and 13-L systems had 16, 14, and 9% greater (P < .05) off-pasture weight than 4-H and 13-H steers in 1989, 1990, and 1992 , respectively. The greater off-pasture weights were a result of a significant SR effect on ADG in 1989, 1990, and 1992 . Average daily gains of steers from 4-L and 13-L systems were 258, 62, and 34% (P ≤ .05) greater than ADG of steers from 4-H and 13-H systems during these 3 yr, respectively. No differences in ADG due to SR were observed in 1991.
The effects of stocking rate on ADG agree with the general concept that ADG per animal decreases with increasing SR (Jones and Sandland, 1974; Douglas, 1986) . In New Zealand, Joyce and Brunswick (1977) demonstrated that ADG of steers grazing alfalfa in a 15-paddock rotation decreased from .97 to .81 and .67 kg/d as SR was increased from 3.7 to 5.0 and 7.7 steers/ ha, respectively. The same was observed by Marsh and Brunswick (1978) with ADG of 1.23, 1.02, and .65 kg/ d with SR of 5.0, 6.7, and 10.0 steers/ha, respectively. Southwood and Robards (1975) saw a 7% decrease in ewe clean-fleece weight and a 27% decrease in lamb gain when SR was doubled from 5 to 10 ewes/ha on alfalfa pasture. Interaction.
x,y,z Within a row, means lacking a common superscript letter differ (P < .05).
The relationship of FA to pasture-phase ADG can be represented by a quadratic (Figure 2 , P < .001, R 2 = .82) and a segmented curve (P < .001, R 2 = .83), consisting of a quadratic curve to a knot at 27.7 kg DMؒSLU . This may be true if HM accumulates with successive grazing cycles and forage quality decreases. Schlegel et al. (2000) suggested that forage quality was affected by SR, and therefore by FA. Petersen et al. (1965) theorized that ADG would increase linearly as FA increased to a point at which total forage consumed is equal to the total forage available. Any further increases in FA would not result in an increase in ADG. One of the assumptions of this theory was that forage quality does not change. Both lines represented in Figure 2 are quadratic, suggesting that forage quality may play a role because the incremental increase in pasture-phase ADG is not proportional to the increase in FA. The point at which no further increase in pasture-phase ADG was observed with the segmental curve was at a FA = 27.7 kg DMؒSLU
. The potential effect of photosensitivity may explain the lower ADG in 1989, as seen in Figure 2 . Marten et al. (1987) observed that there was no direct relationship between the concentration of phylloerythrin in the blood of heifers grazing cicer milkvetch (Astragalus cicer L.) and the appearance or degree of photosensitivity. Phylloerythrin, a photodynamic agent, is a normal breakdown product of chlorophyll that becomes elevated due to liver damage in the case of hepatogenous photosensitivity. In the present study, steers with skin lesions were removed from the experiment. Therefore, based on observations of Marten et al. (1987) , animals that remained on the study may have had subacute photosensitivity and liver damage that did not cause skin lesions but that may have reduced ADG.
The 4-L and 13-L systems in 1989 produced 104% greater (P = .03) live weight gain/ha than the 4-H and 13-H systems. In 1990, there was a significant GM × SR interaction (P = .08), in which the 13-H system produced 29 and 32% greater (P < .05) live weight gain/ha than the 4-L and 4-H systems, respectively, but gain similar to that seen for the 13-L system. By increasing the number of paddocks, the number of days on supplemental pasture decreased and subsequent live weight gain/hectare increased for the 13-H system. When the high SR was reduced to 7.9 steers/ha in 1991, the 4-H and 13-H systems produced 41% greater (P = .03) live weight gain/ha than the 4-L and 13-L systems, even though ADG was 9% less. In 1992, all systems had similar live weight gain/hectare, but unlike the previous year, the 34% greater pasture-phase ADG of 4-L and 13-L steers sufficiently compensated for the lower SR. Live weight gain/hectare ranged from a high of 723 kg/ha for the 13-H system in 1991 to a low of 159 kg/ ha for the same system in 1989. The primary differences were due to changes in SR and HM and an increase in the length of the grazing season.
In New Zealand, Joyce and Brunswick (1977) documented a live weight gain/hectare from 642 to 923 kg with a 179-d grazing season. Clearly, the longer grazing season was a distinct advantage compared with this study. In the United States, live weight gains/hectare have been reported as high as 828 kg/ha by Meyer et al. (1956) with 8.5 steers/ha strip-grazing alfalfa over a 155-d grazing season.
Feedlot Phase. There was a significant SR effect on harvest weight in 1989; 4-L and 13-L steers had 7% heavier (P = .02) slaughter weights than 4-H and 13-H steers (Table 6 ). Although there tended to be a GM × SR interaction (P = .10) in 1990, 4-L and 13-L steers had 11% heavier (P < .05) slaughter weights than 4-H and 13-H steers. All steers had similar slaughter weights in 1991 and 1992.
Differences in pasture-phase ADG due to SR did not continue in the feedlot in 1989 , 1991 , and 1992 . In 1990 there was a significant GM × SR interaction (P = .05); 13-L steers had 13.7% greater (P < .05) feedlot-phase ADG than 13-H steers. Steers in 1989 and 1990 from 4-L and 13-L systems had greater overall ADG (d 0 to slaughter) than steers from 4-H and 13-H systems. These differences in overall ADG are primarily due to the large differences in pasture-phase ADG.
Daily DMI, expressed as percentage of BW, was greater in steers from 4-L and 4-H systems in 1989 (P = .02) and 1990 (P = .10) than in steers from 13-L and 13-H systems (Table 6 ). In 1992, daily DMI of steers from 4-H and 13-H systems tended (P = .10) to be greater than that of 4-L and 13-L steers. There were no consistent differences in feed efficiency between grazing systems. Steers from the 4-H and 13-H systems had greater (P = .03) feed efficiency in 1989 than 4-L and 13-L steers, but 13-L and 13-H steers tended to have greater (P = .10) feed efficiency than 4-L and 4-H steers in 1990.
Carcass Characteristics. Hot carcass weights of 4-L and 4-H steers in 1989 tended (P = .06) to be greater than HCW from 13-L and 13-H steers (Table 7) . Also in 1989, HCW of 4-L and 13-L steers were 8% heavier (P = .006) than HCW of 4-H and 13-H steers. Hot carcass weights, in 1990, of 13-L steers were greater than those of 4-L, 4-H, and 13-H steers, and 4-L steers had greater (P < .05) HCW than 4-H and 13-H steers. No differences in HCW were observed in 1991, but in 1992 HCW of 13-L steers were greater than HCW of 4-L, 4-H, and 13-H steers. Dressing percentages of 4-L and 4-H steers in 1990 were greater (P = .03) than those of 13-L and 13-H steers, but dressing percentage did not differ among systems in the other 3 yr.
Estimated yield grades were similar for all carcasses in 1989 and 1992. In 1990, 4-L and 13-L steers had greater (P < .05) estimated yield grades than 4-H and 13-H steers. Grazing systems had similar numbers of steers grading USDA Choice quality or higher (> 80% of carcasses) in 1989 through 1991. In 1992, the 4-H system had a greater (P < .05) number of carcasses grading USDA Choice or higher than 13-H (100% vs 58%). It is not known why the 13-H system had the lowest proportion of carcasses grade USDA Choice, but these steers this particular year did have the lowest slaughter weights. Within a row, means lacking a common superscript letter differ (P < .10).
There was no clear systematic effect of GM or SR that could be related to compensatory gain. This agrees with four studies by Drennan et al. (1982) in which a consistent effect of SR on subsequent feedlot gain was not observed. In the present study, there was a low negative correlation (r = −.37, P = .04, n = 32) between pasture-phase and feedlot-phase ADG. When the values of the 4-H and 13-H plots for 1989 were removed from the data set, no correlation (r = −.06, P = .75, n = 28) between pasture-phase and feedlot-phase ADG was evident. This may have resulted from a SR that was too high or changes in gut fill. In 1989, a shrunk weight divided by .96 was used as a full weight, whereas in the subsequent 3 yr, steers were placed on a standardized diet to determine off-pasture weight.
As with feedlot performance, there was no effect of GM or SR on carcass characteristics. In general, animals with greater pasture-phase ADG entered the feedlot heavier (r = .81, P < .001, n = 32) and had heavier slaughter weights (r = .41, P = .02, n = 32) and HCW (r = .31, P = .08, n = 32). This is also supported by Drennan et al. (1982) , who reported greater slaughter First number is the number of steers grading USDA Choice or higher followed by the total number of steers.
weights of steers from low-SR groups, which had the greatest pasture-phase ADG.
Implications
Increasing the number of paddocks from 4 to 13, and thereby decreasing occupation period from 12 to 3 d, did not increase HM, steer average daily gain, or live weight gain/hectare. Increasing stocking rate above 7.9 steers/hectare decreased herbage mass and average daily gain on pasture. Optimum stocking rate is dependent on herbage mass. Increasing the number of paddocks may increase forage utilization and live weight gain/hectare when herbage mass is limited and stocking rate is high. There was a quadratic relationship between forage allowance and average daily gain on pasture. Increasing daily forage allowance above 27.7 kg dry matter/standard livestock unit did not increase average daily gain. There was no consistent effect of previous grazing system on subsequent feedlot performance or carcass characteristics.
